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SPECIFICATION 



1. Title 

Temperature-Indicating Polymeric Material 

2 . Claims 

A temperature-indicating polymeric material that is represented 
by General Formula I below: 



(wherein R is an alkyl group having 4 or more carbon atoms and n = 5 
to 400) and that is comprised of two or more kinds of poly (3- 
alkylthiophene) that are differentiated by the kinds of alkyl groups 
they contain. 

3 . Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention pertains to a temperature-indicating 
material comprised of two or more kinds of poly (3 -alkyl thiophene) , 
each kind having a different set of alkyl groups. 

[Prior Art] 

Because prior-art temperature-indicating materials bring about 
color changes only at certain temperatures, as seen in the coloration 
reactions between metal complex crystals, liquid crystals, or 
electron-donating coloring organic compounds and phenolic hydroxyl 




C i ) 
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groups, a plurality of materials having different thermochromic 
temperatures must be used to observe sequential temperature changes. 

It is also difficult to select a thermochromic temperature freely, 
and it depends on the properties of the substance itself. More 
specifically, to obtain a material having a desired thermochromic 
temperature, there is no other way but to select it from substances 
that have already been synthesized or from those that will be 
synthesized in the future. 

Furthermore, to be used as a temperature-indicating material, 
these materials must, undesirably, be carried by some type of support 
or sealed in glass tubes, etc. 

The aforesaid problems place a serious limitation to the 
application of these materials as temperature-indicating materials and 
are serious hindrances to the application development of these 
materials . 

[Problems that the Invention Intends to Solve] 
The present invention was achieved to solve the aforesaid 
problems, and it intends to provide a completely new type of 
temperature-indicating material. More specifically, the object of the 
present invention is to provide a temperature-indicating material 
comprised of a single material whose thermochromic temperature ranges 
from room temperature to a high temperature, thus eliminating the need 
of selecting/using various kinds of material, being able to indicate a 



wide range of temperatures required in practical use, and also making 
it possible to observe sequential temperature changes. Another object 
of the present invention is to provide a temperature-indicating 
polymeric material that can be directly formed into films, etc., 
easily. 

[Means of Solving the Problems] 

The present inventor studied the application development of 
poly (3-alkylthiophene) having an alkyl group with 4 or more carbon 
atoms in the thermochromism field, and, as a result, learned that 
blending of two or more kinds of polymers that are differentiated by 
the kinds of alkyl groups they contain yields a new temperature- 
indicating polymeric material whose color changes gradually within a 
given temperature range, thereby attaining the present invention. 

Namely, the present invention is characterized by the fact that 
it is represented by General Formula I below: 



(wherein R is an alkyl group having 4 or more carbon atoms and n = 5 
to 400) and is comprised of two or more kinds of poly ( 3- 
alkylthiophene) that are differentiated by the kinds of alkyl groups 
they contain. 

Poly (3 -alkyl thiophene) represented by General Formula I used in 
the present invention is prepared by, for example, chemical oxidative 




f I ) 



polymerization or electrochemical oxidative polymerization of 3- 
alkylthiophene or by the dehalogenation of 2 , 5-dihalogenated-3- 
alkylthiophene with a metal or organometallic complex. 

The alkyl groups having 4 or more carbon atoms in 3- 
alkylthiophene in the present invention include n-butyl, n-pentyl, n- 
hexyl, n-heptyl, n-nonyl , n-decyl, n-undecyl, n-dodecyl, n-hexadecyl, 
n-eicosyl, n-docosyl, etc., from which appropriate alkyl groups are 
selected according to the desired color-change-starting and ending 
temperatures and thermochromic temperature range. The halogens used 
for dehalogenation include chlorine, bromine, and iodine. 

The chemical oxidative polymerization of 3-alkylthiophene in the 
present invention can be carried out with the use of a compound known 
as a Lewis acid, such as aluminum chloride, ferric chloride, 
molybdenum chloride, tungsten chloride, tin chloride, antimony 
chloride, or arsenic pentaf luoride, as the polymerization catalyst. 

By adding these polymerization catalysts to the aforesaid 3- 
alkylthiophene, poly ( 3-alkylthiophene) is readily synthesized at room 
temperature . 

The electrochemical oxidative polymerization of 3-alkylthiophene 
is carried out by constant-voltage, constant-potential, or constant- 
current electrolytic polymerization in a solvent, such as acetonitrile 
benzonitrile, propylene carbonate, etc., using tetra-n-butylammonium 
tetraf luoroborate, tetraethylammonium tetraf luoroborate, tetra-n- 



I 

butyl ammonium perchlorate, tetraethylammonium perchlorate, tetra-n- 
butylammonium chloride, tetraethylammonium chloride, etc., as the 
supporting salt. The electrodes used here are not limited in any way 
as long as they are conductors, and metal electrodes, such as platinum 
plates, nickel plates, etc., carbon electrodes, and glass electrodes 
of nesa glass, ITO glass, etc., may be used. 

Meanwhile, of the dehalogenation method in the present invention, 
the method that directly polymerizes 2 , 5-dihalogenated-3- 
alkylthiophene uses, as the polymerization catalyst, zero-valent or 
divalent complexes of nickel, such as nickel bis (2,2'- 
bipyridine) bromide, nickel bis (2 , 2 ' -bipyridine) chloride, nickel 
bis ( 1 , 5-cyclooctadiene) , etc . 

The catalyst used for the method of polymerizing 2,5- 
dihalogenated-3-alkylthiophene through a digrignard reaction includes 
transition metal salts and organic complexes, such as nickel bis (2,2' - 
bipyridine) bromide, nickel bis (2 , 2 ' -bipyridine) chloride, nickel 
bis ( 1 , 5-cyclooctadiene) , nickel chloride, cobalt chloride, ferric 
chloride, palladium bis (2 , 2 ' -bipyridine) chloride, nickel 
bis (triphenylphosphine) bromide, etc. In the presence of the aforesaid 
transition metal salts or organic complexes, electrolytic 
polymerization may be carried out on 2 , 5-dihalogenated-3 - 
alkylthiophene in a solvent, such as acetonitrile , benzonitrile, 
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propylene carbonate, etc., using the aforesaid electrodes, such as 
platinum plates, etc. 

Any of the above-mentioned synthesis methods can be employed with 
no problem to the extent that the obtained poly ( 3 -alkylthiophene) of 
the present invention is used as a temperature-indicating material, 
but the chemical oxidative polymerization is the most preferred method 
when volume production, cost-efficiency, ease of handling, etc., are 
taken into consideration. 

With respect to the method of composing the present invention's 
two or more kinds of poly (3 -alkylthiophene) that are differentiated by 
the kinds of alkyl groups they contain, using the present invention's 
poly (3 -alkylthiophene) thus obtained, there are, for example, a method 
of mixing them in a solution state, a method of melting/kneading solid 
powders, and a method of laminating individual poly ( 3-alkylthiophene) 
films in layers. The temperature-indicating polymeric material of the 
present invention is red at a temperature below the color-change- 
starting temperature, orange within the color-change range, and yellow 
at a temperature above the color-change-completion temperature. Thus, 
it can be used to observe sequential temperature changes. 

A polymer mixture of poly (3-alkylthiophene) of the present 
invention is soluble in a solvent and can form cast film, and, since 
it is thermoplastic, it can also be melted and then molded. 
Furthermore, the cast- formed film transmits light and thus has a 



potential for display application. In addition, the aforesaid polymer- 
mixture solution proper shows color changes in a similar manner by 
temperature changes; therefore, it can also be used in a solution 
state . 

When all of these characteristics are taken into consideration, 
the temperature-indicating polymeric material of the present invention 
is considered to be an excellent temperature-indicating material in 
applications as industrial material and also excellent for other 
purposes . 

(Working Examples) 

The following explains the present invention in further detail, 
referring to working examples. 

[Formulation of Poly (3-alkyothiophene) ] 

To 4.7 g each of five kinds of 3-alkylthiophenes shown below was 
added a solution prepared by dissolving 2 4 g anhydrous ferric chloride 
in 3 00 mL chloroform, and the mixture was stirred for 10 hours at room 
temperature . 

3 -n-butylthiophene 

3 -n-pentylthiophene 

3 -n-octylhthiophene 

3-n-dodecylthiophene 

3 -n-docosyl thiophene 
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After each reaction product was added in 1 L methanol and stirred 
well, the product was filtered out and washed thoroughly with methanol, 
dilute hydrochloric acid, water, methanol that contained aqueous 
ammonia, and distilled water in this sequence, after which it was 
dried at 80° C under vacuum for 12 hours, thereby obtaining 5 kinds of 
poly (3-alkylthiophene) corresponding to the aforesaid monomers. Using 
the obtained poly (3-alkylthiophene) , the temperature-indicating 
materials of the present invention shown in Working Examples 1 through 
9 below were prepared. 

Working Example 1 

In 20 mL chloroform were dissolved and mixed 1 g poly (3 -n- 
pentylthiophene) and 1 g poly (3-n-dodecylthiophene) , and the solution 
was cast on a glass substrate, thereby obtaining a film. 

Working Example 2 

In 20 mL chloroform were dissolved and mixed 1 g poly(3-n- 
pentylthiophene) and 0.5 g poly (3-n-dodecylthiophene) , and the 
solution was cast on a glass substrate, thereby obtaining a film. 

Working Example 3 

In 2 0 mL chloroform were dissolved and mixed 0.5 g poly (3 -n- 
pentylthiophene) and 1 g poly ( 3-n-dodecylthiophene) , and the solution 
was cast on a glass substrate, thereby obtaining a film. 

Working Example 4 
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In 20 mL chloroform were dissolved and mixed 1 g poly(3-n- 
pentylthiophene) and 1 g poly ( 3-n-octyl thiophene) , and the solution 
was cast on a glass substrate, thereby obtaining a film. 

Working Example 5 

In 20 mL chloroform were dissolved and mixed 1 g poly (3 -n- 
pentylthiophene) and 1 g poly (3-n-docosyl thiophene) , and the solution 
was cast on a glass substrate, thereby obtaining a film. 

Working Example 6 

In 20 mL chloroform were dissolved and mixed 1 g poly (3 -n- 
hexyl thiophene) and 1 g poly ( 3-n-dodecylthiophene) , and the solution 
was cast on a glass substrate, thereby obtaining a film. 

Working Example 7 

In 2 0 mL chloroform were dissolved and mixed 1 g poly (3-n- 
octyl thiophene) and 1 g poly (3-n-dodecylthiophene) , and the solution 
was cast on a glass substrate, thereby obtaining a film. 

Working Example 8 

In 20 mL chloroform were dissolved and mixed 1 g poly(3-n- 
butylthiophene) and 1 g poly ( 3-n-dodecylthiophene) , and the solution 
was cast on a glass substrate, thereby obtaining a film. 

Working Example 9 

In 20 mL chloroform were dissolved and mixed 1 g poly(3-n- 
butyl thiophene ) , 1 g poly ( 3-n-dodecylthiophene) , and 1 g poly(3-n- 
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docosylthiophene) , and the solution was cast on a glass substrate, 
thereby obtaining a film. 

Each film obtained in the foregoing was placed on a hot plate to 
raise and/or decrease its temperature at a rate of 10° C/minute so as 
to observe the thermochromic temperature of each film, thus evaluating 
its temperature-indicating property as the temperature-indicating 
material of the present invention. The results thus obtained are shown 
in Table 1. Table 1 illustrates the case in which the color change 
progresses from the left to right as the temperature rises, and it 
moves from the right to left when the temperature decreases. 

TABLE - 1 
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Key) a) working example No. b) thermochromic temperature; c) red; d) 
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As is evident from the results shown in Table 1, the temperature- 
indicating material of the present invention had a wide thermochromic 
range, and its thermochromic range could be controlled by 
appropriately selecting the substituted alkyl groups, thus confirming 
the excellent effects of the present invention. 

[Effects of the Invention] 

Because the temperature-indicating polymeric material of the 
present invention makes it possible to freely control the 
thermochromic temperature range and to observe thermochromic 
temperatures sequentially and also because it has excellent 
processability in film forming, etc., there are various conceivable 
applications in, for example, temperature detection in various kinds 
of industries; monitoring of temperature increase/decrease in chemical 
reactions, etc.; hazard prevention by indicating the temperature of 
hazardous-material containers or storages; temperature indication for 
early detection of heat generation caused by overload of electric 
circuits and electrical equipment; bathtub temperature indication; 
display devices; advertisement paper; teaching materials; toys; etc., 
thus rendering itself highly useful. 
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